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(54) SEMICONDUCTOR STORAGE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an FRAM 
(ferroelectric random access memory) of low- power 
consumption which allows first reading/writing. 
SOLUTION: Cells comprising transistors 601-606 and 
ferroelectric capacitors 501-506 are allocated in matrix, 
and leak conductance 301-306 of the ferroelectric , 
capacitors 501-506 are intentionally increased, so that 
leak conductance 401-406 flowing from internal nodes 
N601-N606 to a substrate, etc., at weighting are 
canceled, for constant electric potential of the internal * 
nodes N601-N6O6 at always. AS a result, stable 1[ 
polarization, is kept, and refresh operation which is 
characteristics of a plate electric potential fixed type 
FRAM is not required. 
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[Claim(s)] 

[Claim 1]A semiconductor memory device comprising: 
A transistor for transfer gates. 

The 1st electrode layer linked to one main electrode region of this transistor for transfer gates, 
the 2nd electrode layer linked to a plate line of constant potential, 
this — narrow in the 1st and 2nd electrode layers — a memory cell which has at least a 
capacitor with which leakage current density in the maximum of driver voltage consists of 
ferroelectric membrane which is below 1 A/cm 2 in more than 10 ~ 6 A/cm 2 . 

[Claim 2]Said ferroelectric membrane is barium titanate which grew epitaxially on a silicon (Si) 
board ferroelectric membrane used as the main ingredients, and as an alloying element The 
semiconductor memory device according to claim 1 by which a rare earth element and vanadium 
(V), niobium (Nb), chromium (Cr), molybdenum (Mo), and at least one or more kinds of elements 
selected from tungsten (W) being included 5% or less 0.01% or more. 
[Claim 3]A semiconductor memory device comprising: 
A transistor for transfer gates. 

The 1 st electrode layer linked to one main electrode region of this transistor for transfer gates, 
the 2nd electrode layer linked to a plate line of constant potential. 

A capacitor which consists of ferroelectric membrane pinched between the said 1 st and 2nd 
electrode layers. 

A memory cell which has at least the thin film resistor connected between the said 1st and 2nd 
electrode layers. 

[Claim 4]The 1st electrode layer linked to one main electrode region of a transistor for transfer 
gates, and this transistor for transfer gates, and the 2nd electrode layer linked to a plate line of 
constant potential, this — narrow in the 1st and 2nd electrode layers — a capacitor which 
consists of including a memory cell which it has at least, A semiconductor 

memory device, wherein leakage current of said transistor for transfer gates at the time of 
standby is controlled within the limits of 10 ~ 9 A[ from 10 H5 A ] . 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the semiconductor memory device of super-large 

scale which used ferroelectric membrane, such as a Perovskite type crystal structure 

[0002] 

[Description of the Prior Art] Development of the memory storage (ferroelectric memory) using 
the ferroelectric thin film layer called FRAM (ferro-electric random access memory: 
Ferroelectric Random Access Memory) is performed these days, It is already put in practical use 
by the part. The memory storage of the method which does not read the charge quantity 
accumulated in the capacitor, but reads the difference in the direction of remains charge 
polarization is possible for FRAM. For this reason, the ferroelectric memory is nonvolatile, and a 
memory content is not lost even after dropping a power supply. And when the thickness of a 
ferroelectric thin film layer is thin enough, reversal of spontaneous charge polarization is quick, 
writing high-speed as much as DRAM and read-out are possible, and it has the features, like it 
is. Creating a 1-bit memory cell by one transistor and one ferroelectric thin film capacitor, or 
since it can do, it is suitable also for large scale-ization. 

[0003]to ferroelectric membrane suitable for this FRAM, prolonged maintenance of that remains 
charge polarization is large, that the temperature dependence of remains charge polarization is 
small, and remains charge polarization is possible — a certain thing (retention) is required. As a 
present ferroelectric material, although PZT (PZT) is mainly used, It is said in spite of the height 
(not less than 300 4) of Curie temperature, and the size of spontaneous charge polarization 
that it is hard to respond for the leaden (Pb) diffusion and evaporation which are the main 
ingredients taking place easily (500 *J) at a comparatively low temperature etc. to minuteness 
making. 

[0004]On the other hand, this invention persons as a substrate a strontium titanate (SrTiO-, 

following STO and abbreviation) single crystal as a lower electrode layer, For example, ruthenium 
acid strontium (SrRu0 3 , following SRO, and abbreviation), . Have a little bigger still grating 

constant as dielectric membrane than SRO. For example, barium titanate strontium (it Ba—Sr- 
1 _ x ~TiO- 3 and) By choosing an abbreviation the following BSTO and growing epitaxially all of 
such lower electrode layers and dielectric membrane, BSTO was used as the distorted lattice 
(epitaxial effect), and it found out that c axial length of BSTO was artificially controllable. This 
epitaxial growth uses the RF magnetron sputtering method. By using the RF magnetron 
sputtering method, in a membrane formation process, a misfit rearrangement becomes 
comparatively difficult to enter and an epitaxial effect is acquired also in a thin film with the 
comparatively thick thickness of not less than 200 nm of thickness. As a result, by using BSTO 
of Ba rich presentation, even if strong dielectric Curie temperature was shifted to the elevated- 
temperature side, and the room temperature area showed big remains charge polarization and it 
raised temperature to about 85^, it found out that sufficiently big remains charge polarization 
could be held. This remains charge polarization characteristic is the characteristic very desirable 
as ferroelectric membrane used for FRAM. For example, by 30 nm of thickness, when epitaxial of 
the BSTO ferroelectric membrane of 70% of Ba molar fraction is carried out by a sputtering 
technique on an SRO lower electrode layer, 0.2 C/m 2 and a big remains charge polarization value 
are obtained with very low operating voltage called **1V. 

[0005]The circuit diagram of drive line drive type FRAM which combined one FET for transfer 
gates and one usual ferroelectric capacitor is shown in drawing 1 9 . Drive line drive type FRAM 
shown in drawing 1 9 is the composition of the memory cell which makes one unit with the two 
capacitors 551,552 and the two transistors 651,652. In drawing 19 . one terminal of the one 
capacitor 551 is connected to the bit line BL via the sauce of MOSFET651 built in the 
semiconductor substrate, and a drain, and another terminal is connected to drive line DL Also 
with another capacitor 552, a terminal is connected to bit line (BL) * via the sauce of 
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MOSFET652, and a drain similarly [ while ], and drive line DL connection of another terminal is 
made. Two bit lines, BL and (BL) , serve as a pair, and are connected to the same sense 
amplifiers 73 and 74. One line common about a drive line may be used, and it is connected to the 
drive circuit (DD) 71 of a drive line. The gate of MOSFET65 1,652 connected to one terminal of a 
capacitor is connected to the word line WL The gate of two MOSFET651.652 inside the same 
cell is connected to the same word line WL The word line WL is connected to the word line 
driving circuit 72. 

[0006]In the circuitry shown in drawing 19, a bit line (BL, (BL) *) pair and drive line DL are 
arranged in parallel, and each of these lines are shared by two or more memory cells which are in 
the same line among two or more memory cells arranged at matrix form. On the other hand, the 
word line WL is shared by two or more memory cells which are in the same, sequence among two 
or more memory cells which arranged so that it might intersect perpendicularly with the bit line 
BL, (BL) * and drive line DL, and have been arranged at matrix form. Every one sense amplifiers 
73 and 74 are connected to each bit line pair (BL, (BL) *), and each sense amplifiers 73 and 74 
are controlled by sense amplifier activity signal phi' acr Furthermore, the bit line BL is connected 
with I/O via the input-and-output (I/O) connection circuits 75 and 76. Connection of BL and an 
I/O line is controlled by I/O connection signal phij^Q. Bit line (BL) * is connected with * via 
the input-and-output (I/O) connection circuits 75 and 76. 

[0007]Next how to write in for making a digital signal memorize is explained to one memory cell 
in the ferroelectric memory of such composition using the timing chart of drawi ng 20 (a). In the 
timing chart of drawin g 20 (a), the complementary potential corresponding to the signal which 
should be beforehand written in from the outside shall be given to input output line I/O and (I/O) 
* at the time of standby. For example, it shall be set as an I/O line here as potential 
corresponding to the information which the potential of 0V should write in 5V and a (I/0) * line, 
the precharge circuit which a bit line pair (BL, (BL) *) does not illustrate to dr awing 1 9 at the 
time of standby — beforehand — being equipotential (potential of 0V) — it is maintained. All 
also of a drive line and a substrate are kept at 0V. 

[00Q8](**) In the specific line corresponding to the address information which shows the position 
of a memory cell which should be written in, cancel precharge signal phi pre and change into the 

state (floating) where BL>and (BL) * were separated from all voltage sources, before going into 
writing operation. A precharge state is not canceled about the bit line pair of a line besides this 
time. In order to connect BL, I/O and (BL) *, and (I/0) * to after an appropriate time, based on 
the address which should be written in, a phi I/0 signal is activated in a specific line. As a result, 

as for BL of this line, I/O and (BL) * become equipotential with (I/0) * respectively. That is. the 
potential corresponding to the information which should be written in is supplied to a bit line pair 
(BL (BUY* 

[0009](**) in order to stabilize the potential of the bit line pair (BL (BL) *) introduced in this 
stage — sense amplifier activity signal phi act — and — activate the sense amplifiers 73 and 74 

linked to this bit line pair (BL, (BL) *). At this time, the potential of BL is fixed to sufficient high 
voltage V cc for charge polarization reversal of a capacitor by the activated sense amplifier. 

[001 0](**) Next, give potential required in order to make a transistor the word line WL at one in 
the specific sequence corresponding to the address information which shows the position which 
should be written in. As a result, MOSFET linked to the word line WL of this sequence will be 
turned on, and a capacitor and a bit line pair will be in a connected state. In other sequences 
which naturally do not correspond at this time, since a signal is not sent to a word line, a 
capacitor and a bit line are in the state separated electrically. 

[001 1](**) The potential of drive line DL is first fixed to 0V. Writing arises in the capacitor 551 
connected with BL between DL by potential difference V which drive line DL produced 
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between the bit lines BL fixed to high voltage V cc while being fixed to OV. Bit line (BL) * and 
drive line DL (since it is the same electric potential, change does not take place to the capacitor 
552 connected with (BL) * between DL) which were fixed to OV at this time 
[0012](**) Next give sufficient high voltage V qc for the polarization inversion of the capacitor 
552 after a certain passage of time at drive line DL Although writing arises in the capacitor 552 

connected with bit line (BL) * between drive line DL by potential difference-V produced 

cc 

between bit line (BL) * (potential: 0) by having given drive line DL V cc , Since the bit line BL 
(potential: V cc ) and drive line DL are equipotential at this time, change does not take place to 
the capacitor 551 connected with the bit line BL between drive line DL As a result, the 
remanence by potential difference~V cc is stored in the capacitor 552 connected to the 

remanence by potential difference V cc , and the bit line (BL) * line by the capacitor 551 
connected to BL line. 

[001 3](**) End operation of writing by returning a word line signal to a non selection state, 
setting sense amplifier activity signal phi act to 0V, canceling activation of the sense amplifiers 73 
and 74 after an appropriate time, and starting the precharge of a bit line after an appropriate 
time. And all of a bit line, a word line, a drive line, and a substrate are maintained by 0V. That is, 
in the holding state after the end of writing operation, BL and (BL) * are held by the precharge 
circuit equipotential (0V). It is desirable to also keep equipotential the potential of a bit line pair 
and the potential of drive line DL. Since all the word lines are maintained at a non selection state 
(0V), a capacitor is held in the state where it was electrically separated from the bit line pair. 
MOSFET linked to a capacitor is OFF in the state where a power supply is not supplied. 
Therefore, the information written in the capacitor as a form of a remanence can hold digital 
information, also when a power supply is not supplied to a memory circuit. 

[0014]Next, the method of reading digital information memorized by such a method by one 
memory cell in a memory circuit is explained using the readout timing chart of drawing 20 (b). 

[001 5](**) First, cancel precharge of a bit line (BL, (BL) *) and make the bit line BL and (BL) * 
into floating. 

[001 6](**) Rank second, choose the one word line WL of the sequence corresponding to an 
address, and make MOSFET linked to the word line WL into an ON state. Thereby, a bit line (BL 
(BL) *) is electrically connected with the capacitor of a memory cell. At this time, the state of 
OFF is maintained about the transistor linked to the word line WL with which it is not chosen 
other than this. 

[0017](**) Rank second, choose drive line DL of the line corresponding to an address, and give 
low potential V read for read-out to a drive line. By this, V read will be added to two capacitors in a 
memory cell. Although the remanence of a mutually different direction is accumulated in these 
two capacitors, this remanence is not reversed with the low voltage of V rea& Therefore, this 
read-out can be read by un-destroying, without changing direction of the charge polarization of a 
capacitor. Generally the capacitor of a FRAM cell differs in the value of leakage current 100 to 
1000 times by the direction of a remanence. Therefore, the value of the current which flows into 
the bit line BL and (BL) * changes with direction of the charge polarization written in the 
capacitor. Potential which is a little different to a bit line pair as a result is given. 
[001 8](**) In the stage which sufficient potential difference for a. bit line pair produced, return 
the potential of WL and separate a bit line pair from a capacitor electrically. Then, the potential 
of DL line is also returned. 

[001 9](**) Here, carry out activity of the sense amplifiers 73 and 74 by choosing phi act Thereby, 

the potential difference of a bit line pair (BL, (BL) *) is amplified, and it fixes further. Since 
MOSFET of the memory cell is already come by off at this time, the amplified potential does not 
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affect the charge polarization of a capacitor. 

[0020](**) The potential read to the bit line can be transmitted to I/O and (I/O) * by sending a 
signal to phi, /Q . After information is transmitted to I/O and (l/0) *, a bit line pair and an input 
output line pair are separated. Then, a bit line pair is again returned to a precharge state, is kept 
at OV and returned to the holding state of information. All of a word line, a drive line, and a 
substrate are kept at OV. 

[0021 ]As shown in the timing chart of dr awing 20, at the time of standby of drive line drive type 
FRAM, all of a bit line, a word line, a drive line, and a substrate are kept at OV. 
Internal node N ( which comprises one main electrode region of 1 electrode layer [ of the 
capacitor 551 ] and MOSFET651 is floating, and is too kept at OV. 

[0022]In read-out/writing operation, it changes into the state of ON of the selected word WL, 
and a pulse drive is performed for the both sides of drive line DL and the bit line BL, and (BL) * 
between OV and V cc . As shown in drawing 20, since the polarization inversion voltage of a 

ferroelectric capacitor is high, the pulse drive of the both sides of the bit line BL and (BL) * is 
carried out to drive line DL in order to have to carry out polarization inversion on the voltage of 
"+* V cc In order t0 carry out the P ulse drive of the both sides of a dr 've line and a bit line, it has 
the demerit in which read-out/about 3 times as many writing time start as compared with 
DRAM. 

[0O23]In the ferroelectric capacitor which, on the.other hand, uses the above-mentioned 
epitaxial BSTO film, a low voltage drive is possible. For this reason, the circuit structure shown 
in drawing_21 which uses the same plate line of constant potential as a usual DRAM type circuit 
is possible, and drive line DL is unnecessary. That is, one electrode layer of the ferroelectric 
capacitor 561 is connected to plate line PL, and the electrode layer of another side is connected 
to one main electrode region (source electrode) of MOSFET661. 1/2 of potential of plate line PL 
is kept constant V cc . The main electrode region (drain electrode) of another side of 
MOSFET661 is connected to the bit line BL, and the gate electrode of MOSFET661 is connected 
to the word line WL In read-out/writing operation, a pulse drive is performed only for the bit line 
BL and the word line WL among OV with V cc . If the bit line BL is made into V cc and the word line 
WL is made into V^, +J/2V cc will be impressed between internal node N { and plate line PL, If a 
bit line is set to 0 and-the word line WL is made into V cc , -1/2V cc will be impressed between 
internal node Nj and plate line PL That is, the charge polarization of the capacitor 561 can be 
reversed on the voltage of **1/2V 

cc 

[0024] 

[Problem(s) to be Solved . by the Invention]In the circuitry shown in dra w i ng 21 , the bit line BL 
and plate line PL are maintained at 1/2V cc at the time of standby, and bias of the substrate is 
carried out to negative substrate potential V gs of for example, -IV. Internal node Nj which 
comprises one main electrode region (source electrode) of 1 electrode layer [ of the capacitor 
561 ] and MOSFET661 is floating, and is too charged by 1/2V cc . At this time, substrate leakage 
current G becomes a problem. That is, since potential difference is added between the 
substrates by which bias was carried out to internal node N. charged by 1/2V in early stages 

1 cc 

and negative, substrate leakage current G resulting from various defects arises. Therefore, it 
falls gradually, as a result,.the voltage more than fixed is added between the two-electrodes 
layers of the ferroelectric capacitor 561, and the potential of internal node Nj charged by 1/2V 
cc in early stages has the problem of carrying out polarization inversion to one way. 
[0025]Namely, the reversible electrode potential at the time of standby of internal node N { which 
comprises 1 electrode layer of one main electrode region (source electrode) of MOSFET661, and 
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the ferroelectric capacitor 561 as shown in d rawing 2 2. It is determined by internal node N p the 
leakage characteristic (substrate leakage characteristic) between substrates, and the leakage 
characteristic (capacitor leakage characteristic) between another electrode layer of internal 
node Nj and the ferroelectric capacitor 561. Therefore, when the high insulating ferroelectric 

capacitor which has a leakage characteristic below 10 " 7 A/cm 2 with peak operating voltage by 
which normal use is carried out is used, Since the direction of the substrate leakage current of 
the part which has an oxygen induction defect etc. becomes large, the potential of internal node 
Nj falls, and inconvenience which charge polarization reverses to one way across the voltage 
range which maintains strong charge polarization occurs. 

[0026]In order to cope with this problem, in the conventional plate line cover-half FRAM, the 
refresh operation of a certain same at the time of standby as DRAM needed to be performed. 
The potential of internal node N f which fell by substrate leakage current G is Ylch^ti to 
1/2V cc by refresh operation. For example, by making a word line into ON potential periodically, 
maintaining bit line potential at 1/2V cc , The method of H chftffy . the potential of internal 
node Nj to 1/2V cc , the method of performing usual read-out / write-in refresh operation, and 

recfiflrfl ing the potential of internal node N, to 1/2V , etc. are mentioned. 
[0027]However, the refresh operation at the time of such standby will need power consumption 
with excessive for FRAM of an article for sale originally refresh operation being unnecessary. 
Since the reading and writing from the outside cannot be performed during refresh operation, it 
becomes an obstacle of operation in a memory especially with a big degree of location. 
Therefore, there is a problem that a differentiation element when it compares with DRAM will 
decrease. 

[0028]In view of the above-mentioned problem, this invention aims to let refresh operation 
provide unnecessary plate voltage clamp type FRAM at the time of standby. 
[0029]Other purposes of this invention are to provide plate voltage clamp type FRAM in which 
about the same high-speed operation as DRAM is possible. 

[0030]The purpose of further others of this invention is to provide plate voltage clamp type 
FRAM which has little power consumption and in which large-scale-izing is possible 
[0031] , ? - 

[Means for Solving theJProblem]To achieve the above objects, the 1st feature of this invention, 
A transistor for transfer gates, and the 1st electrode layer linked to one main electrode region of 
this transistor for transfer gates, . Narrow in the 2nd electrode layer linked to a plate line of fixed 
potential, and the 1st and 2nd electrode layers. Leakage current density in the maximum of 
driver voltage is a semiconductor memory device containing a memory cell which has at least a 
capacitor as for which more than 10 " 6 A/cm 2 consists of ferroelectric membrane which is below 
1 A/cm 2 . Here, "a main electrode^region of a transistor" is one mind of the source region of a 
transistor, or a drain area. Usually, since the source region and a drain area of a transistor are 
formed symmetrically, it is only the problem of a mere way of calling any are called the source 
region of a transistor or whether it is called a drain area of a transistor. As for a memory cell of 
this invention, it is needless to say that it is preferred to be arranged in the shape of an X-Y 
matrix. And in a semiconductor memory device of this invention, an important point is that leak 
conductance between electrode layers of a ferroelectric capacitor is set up more greatly than 
the maximum leak conductance between one main electrode region of a transistor, and a 
substrate. 

[0032]By _ enlarging Jeak. conductance, of a capacitor, a polarization state- can* control voltage 
added between electrode layers of a ferroelectric capacitor at the time of standby below to a 
stably maintainable voltage range. 

[0033]In order to enlarge leak conductance, ferroelectric membrane consists barium titanate of 
ferroelectric membrane used as the main ingredients, and as an alloying element, What is 
necessary is just to make it a rare earth element and BANAJIUUMU (V), niobium (Nb), chromium 
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(Cr), molybdenum (Mo), and at least one or more kinds of elements selected from tungsten (W) 
included 5% or less 0.01% or more. 

[0034]SrBi 2 Ta 2 O g which uses as the main ingredients ferroelectric membrane which uses lead 
zirconate titanate as the main ingredients for ferroelectric membrane, or bismuth (Bi), It is 
preferred to make it at least one or more kinds of elements which were used as ferroelectric 
membrane, such as Bi 4 Ti 3 0 12 , and were chosen from transition metals, such as iron (Fe), 
manganese (Mn), and iridium Or), as an alloying element included 5% or less 0.01% or more. 
[0035]lt enables refresh operation to create unnecessary plate voltage clamp type FRAM as 
although the 1st feature of this invention increases the leakage characteristic of a ferroelectric 
capacitor intentionally, if it increases a leakage characteristic intentionally in this way, boil it. 
That is, reversible electrode potential of an internal node which is a node of 1 electrode layer of 
a capacitor and one main electrode region of MOSFET does not fall notably by setting up 
leakage current of a capacitor greatly rather than the maximum of substrate leakage current. 
That is, since change of reversible electrode potential of an internal node is settled in a voltage 
range which can maintain strong charge polarization, strong charge polarization does not reverse 
it. Therefore, refresh operation for maintaining an internal node at 1/2V becomes 

cc 

unnecessary. 

[Q036]It is possible by setting up leakage current of a ferroelectric capacitor greatly to influence 
read-out/writing operation. If stored charge density of a ferroelectric capacitor is made into a 
minimum of 10microC/cm 2 for a maximum of 300 ns, 1 bit of read-out/ writing time of FRAM, 
Leakage current density to which 3% of the amount of stored charge dissipates by leak in read- 
out/writing time becomes 1 A/cm 2 at the minimum. Therefore, if there is capacitor leakage 
current below a 1 A/cm 2 grade when operating voltage is impressed, read-out/writing operation 
will not be influenced substantially, however, be momentary — as for leakage current in peak 
operating voltage, since there is a possibility that membraneous quality may deteriorate when a 
high current of an A/cm" 1 order flows into ferroelectric membrane, it is desirably desirable to use 
below a 10 " 2 A/cm 2 grade. 

[0037]Control of leakage current of a ferroelectric capacitor does not need to be based on a 
structure defect in a capacitor film, etc., and it is necessary to obtain it by a good method of 
reproducibility. It is not necessary to maintain outstanding ferroelectric property and to affect 
reliability, such as fatigue characteristics and breakdown. 

[0038] Material which used ferroelectric membrane of a barium titanate series grown epitaxially 
which was mentioned above as a base as a material system excellent in such the characteristic 
especially, and doped a lantern (La), niobium (Nb), etc. more than about 5% in 0.1% as an alloying 
element is desirable. 

[0039]According to the 1st feature of this invention, a problem that refresh operation is needed 
at the time of standby peculiar-to-plate voltage clamp type FRAM is conquerable. As a result, 
high-speed reading and writing are possible, and it becomes possible to create FRAM of low 
power consumption. 

[0040]The 1st electrode layer that connected the 2nd feature of this invention with one main 
electrode region of a transistor for transfer gates, and this transistor for transfer gates, and the 
2nd electrode layer linked to a plate line of constant potential, It is a semiconductor memory 
device containing a memory cell which has at least a capacitor which consists of ferroelectric 
membrane pinched between the 1st and 2nd electrode layers, and the thin film resistor 
connected between the 1st and 2nd electrode layers. As for this thin film resistor, it is preferred 
that resistance in the maximum:of..driver..voltage^which^ should just consist of^thin* films which • 
consist of a semiconductor or semimetal, and is added to a capacitor at the time of read- 
out/writing of a semiconductor memory device chooses below as 10 15 omega in more than 10 

9 

omega. In the 1st feature of above-mentioned this invention, although leakage current which 
flows through an inside of each capacitor is used, in the 2nd feature of this invention, a thin film 
resistor is positively provided as external leakage resistance of each capacitor. 
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[0041] According to the 2nd feature of this invention, it enables refresh operation to create 
FRAM which has an unnecessary plate voltage clamp type circuit by connecting a thin film 
resistor to inter-electrode [ of a capacitor ] in parallel. It becomes possible like the 1st feature 
to keep potential of an internal node constant by missing current which flows into an internal 
node by substrate leak through a thin film resistor. 

[0042]What is necessary is just more than a value from which stored charge does not escape 
through this thin film resistor as a lower limit of a thin film resistor at the time of reading-and- 
writing operation of a semiconductor memory device. If stored charge of a capacitor is set to a 
minimum of 10 fC(s) for 1 bit of read-out/writing time of FRAM for a maximum of 300 ns, 
leakage current to which 3% of the amount of stored charge dissipates by leak in read- 
out/writing time will be set to 1nA at the minimum. Therefore, if it is the resistance more than 
10 9 omega when operating voltage of a semiconductor memory device is set to 1 V, read- 
out/writing operation will not be influenced substantially. What is necessary is just to be able to 
miss current which flows in by substrate leak within polarization holding voltage as upper limit of 
resistance of a thin film resistor, setting the greatest substrate leakage current per cell to 10 " 

A — polarization holding voltage — a minimum of — if, and it is below 10 15 omega, potential of 
an internal node can be held stably. [ 0.1 ] 

[0043]As a thin film resistor material which realizes suitable- resistance for the 2nd feature of 
- this invention, it can choose out of semiconductors, such as semimetals and Si, such as stable 
graphite, and germanium, thermally. 

[0044]The 1st electrode layer that connected the 3rd feature of this invention with one main 
electrode region of a transistor for transfer gates, and this transistor for transfer gates, and the 
2nd electrode layer linked to a plate line of constant potential, narrow in the 1st and 2nd 
electrode layers — a capacitor which consists of **************s including a memory cell 
which it has at least Leakage current of a transistor for transfer gates at the time of standby is 
the semiconductor memory device currently controlled within the limits of 10 " 9 A[from 10" 
15 A]. 

[0045]Although leakage current which flows through an inside of each capacitor, and leakage 
current which flows through an external thin film resistor of each capacitor are used for the 1st 
and 2nd features of above-mentioned this invention, respectively, it, In the 3rd feature of this 
invention, leakage current of a transistor for transfer'gates at the time of standby is used. 
[0046]According to the 3rd feature of this invention, it enables refresh operation to create 
unnecessary plate voltage clamp type FRAM by usingleaklge current of a transistor. It becomes 
possible to keep potential of an internal node constant like the 1st and 2nd features by missing 
current which flows into an internal node by substrate leak using leakage current of a transistor. 
[0047]As upper limit of leakage current, stored charge of a half-selection cell connected to a 
selected bit line and a non selection word line should just be" below a value which does not 
escape via leakage current of a transistor at the time -of reading "and writing of a semiconductor 
memory device. In 1 bit of read-out/writing time of FRAM, if stored charge of a capacitor is set 
to a minimum of 10 fC(s) for a maximum of 300 ns, leakage current to which 3% of the amount of 
stored charge dissipates in read-out/ writing time will be set to 1nA at the minimum. Therefore, if 
leakage current of a transistor is made below into 10 " 9 A, a memory state of half selection cell 
will not be influenced at the time of read-out/ writing operation. If it sees from a viewpoint of 
power consumption, as small the one of leakage current as possible is desirable. What is 
necessary is just to be able to miss current which flows in by substrate leak within polarization 
holding voltage as a lower limit of leakage current setting the maximum leakage current per cell 
" to TO ~ 1 ^^-"polarization holding voltage — a minimum of ~lf and* it is T(T 16 A in the drain 

voltage 0.1V, potential of an internal node can be held stably, but more than 10 ' 15 A is desirable, 
seeing a margin. [ 0.1 ] 

[0048]What is necessary is just to set up threshold voltage of a transistor suitably as a method 
of controlling leakage current of a suitable transistor for the 3rd feature of this invention. When 
making a MOS transistor change from an OFF state to an ON state, in order to raise a single 
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figure size of drain current it is necessary to increase about 70 mV of gate voltage. An ON state 
is in a state where drain current flows in more than ImicroA here. Therefore, if threshold voltage 
is set as 700 mV, for example, in an OFF state of the gate voltage 0V. leakage current of 10 " 
16 A lower 10 figures than ImicroA will flow. Therefore, what is necessary is just to set threshold 
voltage as a value of 210 to about 630 mV, for example. 

[0049]What is necessary is to set up threshold voltage greatly and just to hold to specific gate 
voltage corresponding to desirable leakage current as other methods of controlling leakage 
current of a suitable transistor for the 3rd feature of this invention, without dropping gate 
voltage on 0V also at the time of standby. If an example mentioned above is imitated, threshold 
voltage can be set as 800 mV and leakage current of a transistor can be controlled by the 280 
to 730-mV thing to do for gate impression within the limits of 10 " 9 A[ from 10" 15 A ] also at the 
time of standby. 
[0050] 

[Embodiment of the Invention]With reference to drawings, the semiconductor memory device 
concerning an embodiment of the invention is explained below. In the statement of a drawing, 
identical or similar numerals are given to the identical or similar portion. However, a drawing is 
typical and it should care about that the ratio of the relation between thickness and a plane size 
and the thickness of each class differs from an actual thing. Therefore, concrete thickness and 
size should be judged in consideration of the following explanation. Of course, the portion from 
which the relation and ratio of a mutual size differ also in between drawings is contained. 
[0051](A 1st embodiment) The semiconductor memory device applied to a 1st embodiment of 
this invention using drawing 1_and drawi ng 2 is explained. Dra wing 1 (a) and drawin g 1 (b) are the 
sectional views of the semiconductor memory device which has a relation which intersects 
perpendicularly mutually. That is, the sectional view seen from the direction of A-A of drawing 1 
(a) is drawing Hb), and the sectional view seen from the direction of B-B of drawing 1 (b) is 
drawingj_(a). Drawing 2 is a circuit diagram of the principal part of the semiconductor memory 
device concerning a 1st embodiment of this invention which shows signs that the matrix 
configuration of the memory cell of dra wing 1 was carried out. 

[0052]First, an entire configuration is explained using drawing 2. The semiconductor memory 
device concerning a 1st embodiment of this invention, The thin film capacitors 501, 502, 503, — , 
506 and — which use the ferroelectricity characteristic as. shown in drawing 2, Two or more 
these thin film capacitors 501, 502, 503, — 506, transistors.(MOSFET) 601, 602, — , 606 for 
transfer gates connected and provided in — , and memory cells^possessing — are arranged to 
matrix form. In drawi ng 2 , the one capacitors 501, 502, 503, .— 506 and one electrode layer of — 
551, It is connected via MOSFETs 601, 602, — 606, the sauce of —651, and the drain area 
which were built in the semiconductor substrate, without bit line BLj, BLj +1 , and — and another 
terminal is connected to plate line PL maintained at fixed potential 1 / 2V MOSFETs 601, 
602, — , 606 and the gate of — which were connected to one electrode layer of a capacitor are 
connected to word line WL j _ 1 , W jf W j+1 , and — And by the bit line drive circuit 701, drive bit line 
BL, BLj +1 , and — , and by the word line driving circuit 702. It is circuitry which drives word line 
WL M , Wj, W j+1 , and — , controls MOSFETs 601, 602, — 606 and the switch-on of —651, and 
performs writing/call. And in the semiconductor memory device concerning a 1st embodiment of 
this invention, The transistors 601 and 602 and — each thin film capacitors 501 and 502, the 
leak conductance 301 and 302 between each capacitor electrode layer of — , and — One main 
electrode region (internal node) N 6Q1 , N 602 , It is serto — more greatly than the leak 
' cond uctahcePWl* and 402 between substrates, and — . ' — — - 

[0053]It returns-to drawi ng 1 and the structure of a memory cell is explained. The memory cell 
(FRAM memory cell) of the semiconductor memory device concerning a 1st embodiment of this 
invention has an epitaxial capacitor possessing the ferroelectric thin film layer which, doped La 
0.5% to BSTO of 80% of the molar fraction of Ba. This FRAM memory cell forms the base plate 
19 of the 2nd conductivity-type quantity impurity density on the substrate 1 of the 1st 
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conductivity type (p type), as shown in d rawin g 1 , and it constitutes plate line PL shown in 
drawing 2. And the epitaxial capacitor which consists of the lower barrier metal layers 2, the 2nd 
electrode layer (lower electrode layer) 3. the ferroelectric membrane 4, the 1st electrode layer 
(upper electrode layer) 5, and the top barrier metal layers 6 on this base plate 19 is constituted. 
N (Ti, aluminum) and the lower electrode layer 3 of 10 nm of thickness the lower barrier metal 
layers 2 SrRu0 3 of 20 nm of thickness, and the ferroelectric membrane 4, A 25-nm-thick 

BSTOla thin film and an upper electrode layer are N (Ti, aluminum) of 10 nm of thickness as a 
20-nm-thick SrRu0 3 film and also the top barrier metal layers 6. 

[0054]And nMOSFET which acjjoins this epitaxial capacitor and has the 1st main electrode region 
(n + source region) 52 and 2nd main electrode region (n + drain area) 51 is constituted as a 
transistor for transfer gates. This nMOSFET has the gate electrodes 31a and 31b on the gate 
oxide 30 of the surface of the p type silicon layer 1 2 as a control electrode. The gate electrodes 
31a and 31b are two-layer structures which consist of the poly Si gate layer 31a and the W gate 
layer 31b here. The silicide of refractory metals, such as refractory metals, such as Ti, Mo, and 
Co, or WSi 2? TiSi 2 , MoSi 2 , and CoSi 2 , other than W gate layer, etc. may be used as the gate layer 
31b. This gate electrode 31 accomplishes a part of word line 31. The word line 31 is 
perpendicularly extended at the space of those with two or more, and drawing 1 (a), as shown in 
drawing_2. EachjiMOSFETjs mutually separated by the element isofation insulation film 9. 
[0055]As shown in dra wing 1 , the"bit line contact plug 34 which consists of silicide etc. of the 
polycrystalline silicon (doped polysilicon), refractory metal, and refractory metal which added the 
impurity on the n + drain area 51 is arranged, and it is connected to the bit line 35. The bit line 35 
is extended in the direction which intersects perpendicularly with the word line 31. In the 
sectional view of drawing 1 (a), although the one bit line 35 is shown, as shown in the circuit 
diagram of drawing 2, of course, the X-Y matrix is constituted from two or more bit lines and two 
or more word lines. 

[0056]As shown in dra wing 1, the capacitor contact plug 14 which consists of n + doped 
polysilicon is connected to the n + source region 52. The word line 31 and the bit line 35 are 
mutually separated by the 1st interlayer insulation film 32 and the 2nd interlayer insulation film 
33 which consist of an oxide film (Si0 2 film), a PSG film, a BPSG film, a nitride (Si 3 N 4 film), etc. 
Furthermore on the bit line 35, the passivation films 36, such as an oxide film (Si'O- film), a PSG 
film, a BPSG film, a nitride. (Si 3 N 4 film), or a polyimide film, are fqmjg.d. 

[0057]When the strong dielectric hysteresis characteristic of the epitaxial SRO/BSTO:La/SRO 
capacitor of the FRAM cell concerning a 1st embodiment of this invention was measured, it was 
checked that the characteristic as shown in drawi ng 3 is obtained. As shown in drawing^, as for 
this epitaxial SRO/BSTO:La/SRO capacitor, the big charge polarization of remanence value 
2Pr=40microC/cm 2 is acquired in operation by **1.5V. When the holding property of charge 
polarization was measured by the accelerated test in the temperature of 85 **, 100 **, and 120 
** and voltage was kept at less than [ **0.4V ] as shown in draw ing 4. it was checked that a 
polarization state is held for 85 ** ten years. When the leakage current characteristic was 
measured, the characteristic as shown in dr awin g 5 was obtained, and the leakage characteristic 
where the range of 10 " 6 A/cm 2 to 10 " 4 A/cm 2 was stabilized was acquired in the voltage range 
within more than ^0.2V^1.5V. 

[0058]After using the memory cell created by the above-mentioned process and writing in a 
ferroelectric capacitor by **1.5V, When the plate line arid the bit line were held to 1.5V, 
substrate-potential was held to -IV and holding property was ^measured: even I if it tiidnot * 
perform refresh operation, it was checked that.a polarization.state is held stably. 
[0059]Next. the manufacturing method of the FRAM cell which starts a 1st embodiment of this 
invention using drawing 6 thru/or drawing 10 is explained. 

[0060](**) As first shown in drawingjB (a), prepare the Si (100) board 1 of theTst conductivity 
type (p type). The base plate 19 is formed in the surface of this p type substrate 1 by diffusing 
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the impurity of the 2nd conductivity type (n type) about 0.1 micrometer deep in the impurity 
density about 2x10 18 cm~ 3 - 1x10 21 cm~ 3 . as shown in drawing 6 (b). 

[0061 ]As shown in drawmgji. .(c) after that, as the lower barrier metal layers 2 (**) N of 10 nm of 
thickness (Ti r aluminum), A BSTO:La thin film with a thickness of 25 nm which doped SrRuCL of 
20 nm of thickness as the lower electrode layer 3 t and doped La 0.5% to Ba nQ Sr no Ti0 o as the 

U.O {).£, O 

ferroelectric membrane 4, As the upper electrode layer 5, as a 20-nm-thick SrRuO~ film and 

o 

also the top barrier metal layers 6 N (Ti, aluminum) of 10 nm of thickness, It grows epitaxially 
continuously, without taking out with the substrate temperature of 600 ** into the atmosphere 
by RF or DC sputtering technique, and the 1st insulator layer 7 is further formed with the plasma 
CVD method etc. which used TEOS gas as the raw material. 

[0062K**) Next, as shown in drawing 6 (d), form the pattern of the photoresist 21 with 
photolithography technology, and form the 1 st crevice 22 by etching by RIE etc. by using this 
photoresist 21 as a mask. Next, on the inside of this 1st crevice 22, and the 1st insulator layer, 
as shown in drawing 7 (e). the 2nd insulator layer 8 is formed conformal one. 
[0063](**) Next, as shown in draw ing 7 (f). form the mask pattern of the photoresist 23 with 
photolithography technology on the 2nd insulator layer 8. Etching of anisotropy RIE etc. removes 
the 2nd insulator layer 8 selectively by using this photoresist 23 as a mask. The 2nd insulator 
layer 8 is made to remain in the formation schedule part of the element separation insulator 
layer mentioned later by this etching. "Since the 2nd insulator layer 8 of a side wall part remains, 
it means that the 2nd insulator layer 8 was left behind to the side attachment wall of the 1st 
crevice 22 by the self aryne although the 2nd insulator layer 8 of the pars basilaris ossis 
occipitalis of the 1st crevice 22 is removed at this time. The base plate 19 of the 2nd 

conductivity type (n + type) is exposed to the pars basilaris ossis occipitalis of the 1 st crevice 22 
as a node for single crystal Si growth. 

[0064](**) As shown in drawing 7 (g) below, in order to remove the damaged layer of the Si 
surface exposed to the pars basilaris ossis occipitalis of the 1st crevice 22, perform gas phase 
etching which uses a hydrogen fluoride (HF) steam, after this gas phase etching, convey in a 
CVD room in a vacuum as it is, and form the single crystal Si layer 12 of the 1st conductivity 
type. Formation of the single crystal Si layer 12 of this 1st conductivity type, What is necessary 
is just to carry out selective epitaxial growth at 750 ** using SiH 4 i gas, r with a pressure of 0.13 Pa 

and 0.01 Pa of diborane (B 2 H g ) gas added as an acceptor impurity from the node for single 

crystal Si growth of the pars basilaris ossis occipitalis of the 1st creviife 22. After this selective 
epitaxial growth, as shown in drawing 8 (h), the 2nd insulator layer 8 is- made into a stop layer, 
and flattening of the surface is carried out by the CMP method (chemicahand-mechanical- 
grinding method). 

[0065](**) Next, as shown in drawing 8 (i), remove selectively the 2nd insulator layer 8 of the 
separation part between elements, the 1st insulator layer 7, the top barrier metal layers 6, and 
the upper electrode layer 5 by the RIE method etc. by using the single crystal Si layer 12 as a 
mask, and create the 2nd crevice (slot for separation between elements) 24. Alternative wet 
etching etc. may be used together at this time. Next, as shown in drawing 8 (i). the 3rd insulator 
layer 9 is embedded in the 2nd crevice (slot for separation between elements) 24, after that, as 
shown in drawing 9 (k), flattening of the surface is carried out by CMP, and the element 
separation insulator layer 9 is formed. 

[0G66](**) Next, as shown in drawing 9 (I), form the pattern of the photoresist 25 with 
photolithography technology, and this photoresist 25 is used as a mask, Using plasma etching, 
such as the RIE-methodr etching removal of the single crystal Si- layer 12 is carried out 
selectively, and the opening of the 3rd crevice 26 and 4th crevice 27 is carried out. This the 3rd 
crevice 26 and 4th crevice 27 are a crevice for forming a capacitor contact plug. It is good to 
make it stop selectively as an etching condition at this time, using either the top barrier metal 
layers 6 thru/or the upper electrode layer 5 as a stopper. Next, poly Si film (doped polysilicon 
film) 1 4 having contained the 2nd conductivity-type (n type) impurities, such as Lynn (P). arsenic 
(As), and antimony (Sb), is deposited on the whole surface in about 200-nm thickness, as shown 
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in drawing 9 (m). The capacitor contact plug which consists of n + poly Si film 14 is formed in the 
3rd and 4th crevices 26 and 27 by carrying out etchback of the whole surface by methods, such 
as CMP, as shown in drawing_10. (n) after that. 

[0067](**) Next, as shown in drawjngj_0_(o), the gate oxide (gate dielectric film) 30 about 30-80 
nm thick is formed, The doped polysilicon film 31a and the W film 31b are deposited continuously, 
and the pattern of the gate electrode (word line) 31 which consists of the poly Si gate layer 31a 
and the W gate layer 31b by etching of a publicly known lithography technology, RIE. etc. is 
formed. Then, the ion implantation of the arsenic ( 75 As + ) is carried out by using this gate 
electrode 31 as a mask, and the source region 52 and the drain area 51 of the 2nd conductivity 
type (n + type) are formed. Next, as shown in drawing 10 (p), the 1 st interlayer insulation film 32 
is formed on the gate electrode layer 31, the 2nd interlayer insulation film 33 is further formed 
on it, and flattening of the surface is carried out by the CMP method etc. And the 1st and 2nd 
interlayer insulation films 32 and 33 of the upper part of the n* drain area 51 and the gate 
dielectric film 30 are removed selectively, a crevice is formed, and the bit-contacts plugs 34, 
such as doped polysilicon, a refractory metal, and high-melting point metal silicide, are embedded 
in this crevice. Then, metal, such as refractory metals, such as W, Ti, and Mo, or aluminum, and 
Cu, is deposited with a vacuum deposition method, sputtering process, or a CVD method on the 
bit-contacts plug 34 and the 1st and 2nd interlayer insulation films 32 and 33. And the pattern of 
the bit line 35 as patterned metal, such as these refractory metals or aluminum, and Cu, by a 
lithography technology and RIE and shown in drawing 1 is formed. Then, if the passivation films 
36, such as Si0 2 , PSG, BPSG, an Si 3 N 4 film,_or a polyimide film, are deposited further, FRAM 
shown in drawing 1 will be completed. 

[0068](A 2nd embodiment) Drawing 1 1 is a sectional view of the semiconductor memory device 
concerning a 2nd embodiment of this invention. As shown in dra wing 1 1 , the semiconductor 
memory device concerning a 2nd embodiment of this invention is FRAM which inserted the thin 
film resistor 1 1 between the two electrodes of an epitaxial capacitor (2, 3, 4, 5, 6). Although 
drawing,? explained by a 1st embodiment shows the leak conductance 301 and 302 between 
each capacitor electrode layer, and — as each thin film capacitors 501 and 502 and equivalent 
circuit expression of leakage current of — which flows through an inside, In the semiconductor 
memory device concerning a 2nd embodiment, the thin film resistor 1 \ .[s t pos[tively formed as 
each thin film capacitors 501 and 502, the external leakage resistance '301 and 302 of — , and — 

[0069]The epitaxial capacitor concerning a 2nd embodiment of this invention comprises the 
lower barrier metal layers 2, the 2nd electrode layer (lower electrode layer) 3, the ferroelectric 
membrane 4, the 1st electrode layer (upper electrode layer) 5, and the top barrier metal layers 6 
like a 1st embodiment. And the thin film resistor 1 1 is arranged in contact with the end face of 
these 2nd electrode layer (lower electrode layer) 3 and the 1st electrode layer~(upper electrode 
layer) 5. The thin film resistor"! 1 is a Si thin film with a thickness of 2'lim^riich doped Lynn (P) 
to the impurity density 10 18 cm" 3 grade. And according to the measurement result of the 
voltage-current characteristic, this thin film resistor 1 1 showed the resistance of 10 11 to 10 
12 omega within the limits of 0.1V to 1.5V. The lower barrier metal layers 2 N (Ti, AJ. Artificial 
Intelligence) and the lower electrode layer 3 of 10 nm of thickness, As for SrRu0 3 of 20 nm of 

thickness, and the ferroelectric membrane 4, a 20-nm-thick SrRu0 3 film and the top barrier 
metal layers 6 of a 25-nm-thick insulating Ba 08 Sr 02 TiO 3 thin film and the upper electrode layer 

5 are N (Ti, AX j^itfficjaLlQ&eUjmnpe) of .10 nm of thickness..!.. . ;as - ^ .... . 

[0070]As shown in dr awin g 11, the FRAM memory cell concerning a 2nd embodiment of this 
invention forms the base plate 19 of the 2nd conductivity-type "quantity impurity density on the 
substrate 1 of the 1st conductivity type (p type), and constitutes plate line PL Plate line PL is 
fixed to fixed potential. And on this base plate 19, the epitaxial capacitor (2 f - 3, 4,-5, 6) which 
inserted the thin film resistor 1 1 between two electrodes is arranged. nMOSFET which adjoins 
this epitaxial capacitor and has the 1st main electrode region (n + source region) 52 and 2nd main 
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electrode region (n + drain area) 51 is constituted as a transistor for transfer gates. This 
nMOSFET has the gate electrode 31 (31a, 31b) on the gate oxide 30 of the surface of the p type 
silicon layer 12 as a control electrode. This gate electrode 31 accomplishes a part of word line 
31. The word line 31 is extended perpendicularly at the space of those (refer to drawing_2) with 
two or more, and drawing 11. Each nMOSFET is mutually separated by the element isolation 
insulation film 9, and the 1st electrode layer (upper electrode layer) 5 of an epitaxial capacitor 
and the top barrier metal layers 6 are also mutually separated by the element isolation insulation 
film 9. 

[0071]As shown in drawing 1 1, on the n + drain area 51, the bit line contact plug 34 which 
consists of silicide of doped polysilicon, a refractory metal, or a refractory metal, etc. is arranged, 
and it is connected to the bit line 35. The bit line 35 is extended in the direction which intersects 
perpendicularly with the word line 31. On the sectional view of drawing 1 1 . although the one bit 
line 35 is shown, of course, the X-Y matrix is constituted from two or more bit lines and two or 
more word lines (refer to drawing. 2). And the capacitor contact plug 14 which consists of n + 
doped polysilicon is connected to the n + source region 52. The word line 31 and the bit line 35 
are mutually separated by the 1st interlayer insulation film 32 and the 2nd interlayer insulation 
film 33 which consist of an oxide film (Si0 2 film), a PSG film, a BPSG film, a nitride (Si' 3 N 4 film), 
etc. Furthermore on the bit line 35, the passivation films 36, such as an oxide film (Si0 2 film), a 
PSG film, a BPSG film, a nitride (Si 3 N 4 film), or a polyimide film, are formed. 

[0072]After constituting a matrix and writing in an epitaxial capacitor by **1.5V by the memory 
cell shown in drawmgj 1, When the plate line and the bit line were held to 1.5V, substrate 
potential was held to -IV and holding property was measured, even if it did not perform refresh 
operation, it was checked that a polarization state is held stably. 

[0073]What is necessary is just more than the value from which stored charge does not escape 
through the thin film resistor 1 1 as a lower limit of resistance of the thin film resistor 1 1 at the 
time of reading-and- writing operation of FRAM. For example, in 1 bit of read-out/writing time of 
FRAM, if stored charge of an epitaxial capacitor is set to a minimum of 10 fC(s) for a maximum 
of 300 ns, leakage current will be set to 1nA at the minimum. This leakage current is leakage 
current to which 3% of the amount of stored charge dissipates in read-out/writing time. 
Therefore, if it is the resistance more than 10 9 omega when operating voltagels set to 1 V, read- 
out/writing operation will not be influenced substantially. What is necessary is just to be able to 
miss the current which flows in by substrate leak within polarization holding voltage as upper 
limit of resistance of the thin film resistor 11. For this reason, what is necessary will be to set 
the greatest substrate leakage current per cell to 10 ~ 16 A, and just to be able to miss within 
polarization holding voltage, therefore — setting substrate leakage current to 10 7 16 A — 
polarization holding voltage — a minimum of — if, and it is below 10 15 omega, tjie: potential of an 
internal node can be held stably. [ 0.1 ] As a thin film resistor material for realizing such 
resistance, a Ge film and the thin film of semimetals, such as thermally stable graphite, may be 
used in addition to the above-mentioned Si thin film. A single crystal, polycrystal, or amorphous 
any may be sufficient as these thin films. 

[0074]Next, the manufacturing method of the FRAM cell which starts a 2nd embodiment of this 
invention using drawing 12 thru/or dr awin g 14 is explained. 

[0075](**) The Si (100) board 1 of the 1st conductivity type (p type) is prepared first, Form the 
base plate 19 in the surface of this p type substrate 1, and as the lower barrier metal layers 2 on 
it N of 10 nm of thickness iJj,ALArtjficial Intelligence), As the Jower.electrode 3,.as,SrRuO r of 
20 nm of thickness, and the dielectric film 4 A 25-nm-thick insulating Ba 0 8 Sr 02 JiQ 3 thin film, It 
grows epitaxially continuously as the upper electrode 5, without [ a 20-nm^thick SrRu0 3 film 
and ] taking out N (Ti, A.I. Artificial Intelligence) of 10 nm of thickness with the substrate. . 
temperature of 600 ** into the atmosphere by RF or DC sputtering technique as the top barrier 
metal layers 6 further. Furthermore, the 1st insulator layer 7 is formed with the plasma CVD 
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method etc. which carried out the raw material of the TEOS gas. And as shown in drawing 12 (a), 
the 1st crevice 22 is formed by etching by photolithography technology, RIE, etc. 
[0076](**) Next, deposit Si thin film 1 1 with a thickness of 2 nm which doped Lynn (P) to the 10 
18 cm" 3 grade as shown in drawing 12 (b) by a sputtering technique on the inside of this 1st 
crevice 22, and the 1st insulator layer. And as shown in drawinj*J_2_(c), etching of anisotropy RIE 
etc. removes Si thin film 1 1 selectively. 

[0077](**) Next, as shown in draw]ng_n (d), form the 2nd insulator layer 8 conformal one on the 
inside of the 1st crevice 22, and the 1st insulator layer 7, and wrap in Si thin film 11. And as 
shown in drawing 1 3 (e), the mask pattern of the photoresist 28 is formed with photolithography 
technology on the 2nd insulator layer 8. Etching of anisotropy RIE etc. removes selectively the 
2nd insulator layer 8 inside the 1st crevice 22 by using this photoresist 28 as a mask. Although 
the 2nd insulator layer 8 of the pars basilaris ossis occipitalis of the 1st crevice 22 is removed at 
this time, the 2nd insulator layer 8 of a side wall part remains. The base plate 19 of the 2nd 

conductivity type (n + type) is exposed to the pars basilaris ossis occipitalis of the 1st crevice 22 
as a node for single crystal Si growth. 

[0078](**) Remove the photoresist 28, and as shown in drawin g 1 3 (f), form the mask pattern of 
the new photoresist 23. The heights which remove the 2nd insulator layer 8 selectively by 
etching of anisotropy RIE etc., and turn into a formation schedule part of the element separation 
insulator layer mentioned later from the 2nd insulator layer 8 are formed by using this 
photoresist 23 as a mask. 

[0079](**) Next, in order to remove the damaged layer of the Si surface exposed to the pars 
basilaris ossis occipitalis of the 1st crevice 22, perform gas phase etching which uses a hydrogen 
fluoride (HF) steam, after this gas phase etching, convey in a CVD room in a vacuum as it is, and 
form the single crystal Si layer 12 of the 1st conductivity type. Then, as shown in draw ing 14 (g), 
the 2nd insulator layer 8 is made into a stop layer, and flattening of the surface is carried out by 
the CMP method (chemicahand-mechanical-grinding method). 

[QQ80](**) Next, as shown in drawing 1 4 (h), remove selectively the 2nd insulator layer 8 of the 
separation part between elements, the 1st insulator layer 7, the top barrier metal layers 6, and 
the upper electrode layer 5 by the RIE method etc. by using the single crystal Si layer 1 2 as a 
mask, and create the 2nd crevice (slot for separation between elements) 24. Then, the 3rd 
insulator layer 9 is embedded in the 2nd crevice (slot for separation between elements) 24, as 
shown in drawing 1 4 (i), flattening of the surface is carried out by CMP, and the dement 
separation insulator layer 9 is formed. 

[0081]After this, since it is fundamentally the same, explanation is abbreviated to the process 
after drawing 9_(l) explained by a 1st embodiment. 

[0082] Drawing 15 is a sectional view of the semiconductor memory device concerning the 
modification of a 2nd embodiment of this invention. Like drawin g 1 1 , like, although the 
semiconductor memory device concerning this modification is FRAM which inserted the thin film 
resistor 1 1 between the two electrodes of an epitaxial capacitor (2, 3, 4, 5, 6), In drawing 15, the 
thin film resistor 1 1 goes via each end face of the 1st electrode layer (upper electrode layer) 5, 
the ferroelectric membrane 4, the 2nd electrode layer (lower electrode layer) 3, and the lower 
barrier metal layers 2 from the upper surface of the top barrier metal layers 6 of an epitaxial 
capacitor, Extended formation is carried out to the upper part of the base plate 19 of the 2nd 
conductivity type (n + type) exposed as a node for single crystal Si growth. 
[0083]Next, the manufacturing method of the FRAM cell which starts the modification of a 2nd 
embodiment of this invention using drawjng 16 thru/or drawi ng 18 is explained. 
[0084](**) The Si (100) board 1,of the J st conductivity type (p type) is prepared first;. Form. the. . 
base plate 19 in the surface of this p type substrate 1, and as the lower barrier metal layers 2 on 
it N of 10 nm of thickness (Ti, A.I. Artificial Intelligence), As the lower electrode 3, as SrRu0 3 of 
20 nm of thickness, and the dielectric film 4 A 25-nm-thick insulating Ba 08 Sr Q2 TiO 3 thin film, It 
grows epitaxially continuously as the upper electrode 5, without [ a 20-nm-thick SrRuO" 3 film" 
and ] taking out N (Ti, A.I. Artificial Intelligence) of 10 nm of thickness with the substrate 
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temperature of 600 ** into the atmosphere by RF or DC sputtering technique as the top barrier 
metal layers 6 further. And as shown in drawin g 1 6 (a), etching by RIE etc. is performed by using 
photoresist 38 as a mask, and the 1st crevice 22 is formed. 

[0085](**) Next, deposit Si thin film 1 1 with a thickness of 2 nm which doped Lynn (P) to the 10 
1 8 ~ 3 

cm grade as shown in drawing 16. (b) by a sputtering technique on the inside of this 1st 
crevice 22, and the top barrier metal layers 6. And as shown in drawin g 1 6 (c), the 1st insulator 
layer 7 is deposited on Si thin film 1 1 with the plasma CVD method etc. which carried out the 
raw material of the TEOS gas. 

[0086](**) Next, as shown in drawing 1 7 (d), form the mask pattern of the photoresist 29 with 
photolithography technology on the 1st insulator layer 7, and this photoresist 29 is used as a 
mask. Etching of anisotropy RIE etc. removes selectively the 1st insulator layer 7 inside the 1st 
crevice 22. At this time, the 1st insulator layer 7 may remain in the side wall part of the 1st 
crevice 22. Then, as shown in drawing_17 (e), the 2nd insulator layer 8 is formed conformal one 
on the inside of the 1st crevice 22, and the 1st insulator layer 7. 

[0087](**) Next, as shown in drayying_!7_(f), form the mask pattern of the photoresist 23 with 
photolithography technology on the 2nd insulator layer 8. Etching of anisotropy RIE etc. removes 
the 2nd insulator layer 8 selectively by using this photoresist 23 as a mask. The 2nd insulator 
layer 8 is made to remain in the formation schedule part of the element separation insulator 
layer mentioned later by this etching. Although the 2nd insulator layer 8 of the pars basilaris 
ossis occipitalis of the 1st crevice" 22 is removed at this time, the 2nd insulator layer 8 of a side 
. wall part remains. Si thin film 1 1 is exposed to the pars basilaris ossis occipitalis of the 1st 
crevice 22 as a node for single crystal Si growth. 

[0088](**) Next, in order to remove the damaged layer of the surface of Si thin film 1 1 exposed 
- to the pars basilaris ossis occipitalis of the 1st crevice 22, perform gas phase etching which uses 
a hydrogen fluoride (HF) steam, after this gas phase etching, convey in a CVD room in a vacuum 
as it is, and form the single crystal Si layer 12 of the 1st conductivity type. By the gas phase 
etching of Si thin film 11, the base plate 19 may be exposed. Then, as shown in drawing 1 8 (g), 
the 2nd insulator layer 8 is made into a stop layer, and flattening of the surface is carried out by 
the CMP method (chemicahand-mechanical-grinding method). 

[0089](**) Next, as shown in drawing l_8_(h) F remove selectively the 2nd insulator layer 8 of the 
separation part between elements, the 1st insulator layer 7 r the top barrier metal layers .6, and 
the upper electrode layer 5 by the RIE method etc. by using the single crystal Si layer 12 as a 
mask, and create the 2nd crevice (slot for separation between elements) 24. Then, tfie 3rd 
insulator layer 9 is embedded in the 2nd crevice (slot for separation between elements) 24, as 
shown in drawing 18 (i), flattening of the surface is carried out by CMP, and the^lement 
separation insulator layer 9 is formed. 

[0090]After this, since it is fundamentally thesame, explanation is abbreviated to the process 
after drawing 9.(1) explained by a 1st embodiment. 

[0091](A 3rd embodiment) Although the semiconductor memory device concerning a 3rd r 
embodiment of this invention is the same as the semiconductor memory device applied to a 1st 
embodiment in device structure, the ferroelectric membrane which constitutes an epitaxial 
capacitor differs. That is, the insulating Ba 0 g Sr 02 TiO 3 thin film was used instead of the BSTO:La 
thin film as ferroelectric membrane which constitutes an epitaxial capacitor. In the 
semiconductor memory device concerning a 3rd embodiment of this invention, the threshold 
voltage of the transistor for selection is set as 600 mV, and the leakage current at the time of 
standby of the transistor for selection is controlled. As a result, since the current which flows 
into an internal node by substrate leak can be missed using the leakage current of a transistor, it- 
becomes possible to keep the potential of an 'internal node constant. 

[0092]After constituting a matrix and writing in an epitaxial capacitor by **1.5V by this memory 
cell. When the plate line and the bit line were held to 1.5V, substrate potential was held to -IV 
and holding property was measured, even if it did not carry out refresh operation, it was checked 
that a polarization state is held stably. 

[0093](Other embodiments) As mentioned above, although this invention was explained using the 
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1st thru/or a 3rd embodiment, if this invention is limited, he should not understand the 
statement and the drawing concerning the statement of the above-mentioned 1 st thru/or a 3rd 
embodiment Various alternative embodiments, an example, and an investment technique will 
become clear [ to a person skilled in the art ] from this indication. 

[0094]As dielectric materials of the perovskite type structure of this invention, in the empirical 
formula expressed with AB0 3 , as A, it may mainly consist of Ba(s), and at least one kind of 
element may replace the part among Sr or Ca. As B, multiple oxides and those dissolution 

systems, such as those dissolution systems, such as Ti, Sn. Zr, and Hf, and also Mg 1y „Ja o/0 , 

1/0 2/0' 

Mg 1/3 Nb 2/3 , Zn 1/3 Nb 2/3( Zn 1/3 Ta 2/3 , can be used. It is desirable to include a rare earth element 

and V, Nb, Cr, Mo, and at least one or more kinds of elements selected from W 5% or less 0.01% 
or more as an element to dope. 

[0095]Of course, it is also possible to use materials, such as PZT (PbZr^Ti^) of a lead 
system, SrBi 2 Ta 2 O g containing bismuth (Bi), and Bi 4 Ti 3 0 12 , as ferroelectric membrane. It is 
desirable to include at least one or more kinds of elements chosen from transition metals, such 
as Fe, Mn, and Ir, as an alloying element 5% or less 0.01% or more in the case of such materials. 
[0096]As a transistor which constitutes a memory cell, if FET of SOI (SiliconOn Insulator) 
structure is used, it will become possible to carry out reduction good [ of the substrate leakage 
current ]. Therefore, it becomes possible- to hold the potential "of an internal node, without 
increasing the leakage current of a capacitor so much. 

[0097]Thus, he should understand that this invention includes various embodiments etc. which 
have not been indicated here. Therefore, this invention is limited by only the invention specific 
matter which starts the statement of an appropriate claim from this indication. 
[0098] 

[Effect of the InventionjAs explained in full detail above, according to this invention, plate 
voltage clamp type FRAM which does not need refresh operation can be provided. 
[0099]According to this invention, high-speed reading and writing are possible, and FRAM of low 
power consumption can be provided. 

[0100]Therefore, industrial worth of this invention is very large. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 Jit is a sectional view of the FRAM memory cell concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a figure showing the outline of the circuitry of the principal part of FRAM 
concerning a 1st embodiment of this invention. 

[Drawing 3]It is a figure showing the ferroelectric property of the capacitor of FRAM concerning 
a 1st embodiment of this invention. 

[Drawing 4]It is a figure showing the result of acceleration examination of the holding property of 
the FRAM memory cell concerning a 1st embodiment of this invention. 

[Drawing 5]It is a figure showing the leakage current characteristic of the capacitor of FRAM 
concerning a 1st embodiment of this invention. 

[Drawing 6]It is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 1st embodiment of this invention (the 1). 
[Drawing 7]It is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 1st embodiment of this invention (the 2). 
[Drawing 8]It is a process order sectional view for explaining the manufacturing process of the 
- FRAM memory cell concerning a 1st embodiment of this invention (the 3). 
[Drawing 9]It is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 1st embodiment of this invention (the 4). 
[Drawing 1_0]It is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 1st embodiment of this invention (the 5). 

[Drawing 1 1]It is a sectional view of the FRAM memory cell concerning a 2nd embodiment of this 
invention. 

[Drawing 1 2]It is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 2nd embodiment of this invention (the 1). 
[Drawing 13]It is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 2nd embodiment of this invention (the 2). 
[Drawing 14]lt is a process order sectional view for explaining the manufacturing process of the 
FRAM memory cell concerning a 2nd embodiment of this invention (the 3). 
~ [Drawing 1 5] It is a sectional view of the FRAM memory cell concerning the modification of a 2nd ~ 
embodiment of this invention. 

[Drawing J 6]It is a process order sectional view for explaining the manufacturing process of the 

FRAM memory cell concerning the modification of a 2nd embodiment of this invention (the 1). 

[Drawing_17]It is a process order sectional view for explaining the manufacturing process of the 

FRAM memory cell concerning the modification of a 2nd embodiment of this invention (the 2). 

[Drawing 18] It is a process order sectional view for explaining the manufacturing process of the 

FRAM memory cell concerning the modification of a 2nd embodiment of this invention (the 3). 

[Drawing 19]It is a circuit diagram of drive line drive type FRAM. 

[Drawing 20]It is a timing chart explaining operation of drive line drive type FRAM. 

[Drawing 21]It is a circuit diagram of the FRAM memory cell of the conventional plate line cover 

half. 

[Drawing 22]It is a figure showing the leakage current characteristic of the FRAM memory cell of 
the conventional plate line cover half. 
[Description of Notations] 

1 Substrate 

2 Lower barrier metal layers 

3 Lower electrode layer 
4'Ferroelectric membrane 
5 Upper electrode layer 

. 6. Top barrier metal layers 

7 The 1st insulator layer 

8 The 2nd insulator layer 
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9 The 3rd insulator layer (element separation insulator layer) 

1 1 Thin film resistor 

12 Single crystal silicon layer 

14 Poly Si film (capacitor contact plug) 

19 Base plate (plate line) 

21, 23, 25, 28, 29, and 38 Photoresist 

22 The 1st crevice 

24 The 2nd crevice 

26 The 3rd crevice 

27 The 4th crevice 

30 Gate dielectric film 

31 Word line 

31a Poly Si gate layer 
31b W gate layer 

32 The 1st interlayer insulation film 

33 The 2nd interlayer insulation film 

34 Bit line contact plug 

35 Bit line 

36 Passivation film 

51 Drain area 

52 Source region 

301-306 Capacitor leak conductance 
401-406 Substrate leak conductance 
501-506 Capacitor part 
601 - 606 MOSFET 

701 Bit line drive circuit 

702 Word line driving circuit 

703 Sense amplifier 
BL and BL j+1 bit line 

WL M ,WL, and WL j+1 word line 

„ RL plate line 
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■^-;l//-KNi fcyi/-httPLBtett+i/2Vcc^ 

ar, ^>^—f^y-KNi^7 p u-h^PL^tc^- 

l/2Vcc*^An*tl* 0 "T*^^, ±i/2Vc C com 
EWt^^>^ 5 6 1 <Dmmft®*Ei&2i£5C£tfZ* 

[0 0 2 4] 

tcfe^Tfi, 15a^fc:if^H8BLfcJ:^U-h»P 

ut\/z Vccicutctixio*). mmzmz.tf-\ v<d 

^5 6 l<Dim®l£MOS FET66 l©l±«i« 
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m (v-xmm) x-m^n^^y^—r^y-h-ni 

(i7D-f-f>mO> -ftet) 1/2 Vcdc?-*—. -J 

«'J-*««IGtf£i;*. fot, «JWKl/2Vtcte 
+ — 5>S4l/Vf>*— *Vl/y-FNi ©mffiC±®4fC 
<STLT^ts *■©£*, Mlt*f/^^5 6 1© 
Pf«MHte-««±©WEA'J!lD*> *) ~77(6]tc»1iSe /0 

[0 0 2 5] -T*t>^02 2fCaVf JcSlC, MOSFE 
T 6 6 1 ©-±ffiif|iS (v-x««) 

/^># 5 6 1 o-iiifrf,M?ni-f>^-tii/; 
-kni (Dwmmco^mmmt. -ofi—tjis-YN 

Z— *vl/y-FNi t&iSBfcMr-v/Sv'* 5 6 l ©t>5 

it) Kj:-3T«3esn*. anr«flisft*j:$ 

&S*iMt1tEET* 1 O-'A/cmJ JXT©y-?tttt* 20 

< fcsfci&fc-i' f n i ©mffitf 
[0 026] c©w»nte»ffl-r*fc«), ft&©7u- 

M&@5t3!F RAMtcfc^Ttf, ^HBftC DRAM till 
fil©{5I e © 'J 7 V >y > a fjfl^T 5 £ fto S 

IS 'J -tVMG (c J; o TT^ofc-Y > *-*;l//^KP ' 
i ©mfi%U7U^->a»imj:J:0 1/2 VccST'Uf-- 50 

T, <(y9—. Jvl/7-FNi ©ttfi^l/2 VcctC'J^ 
+ -^ta*ffi J f>, ii«©M*tBL/#^Ji*'J7U-y 

'>il(^ffoT'fy^-t;i/y- fni ©mffi^i/ : 

[0 0 2 7] LfrL&tfe>, C©<fc?&'f3MSlR©'J7b 
t3»©F R kU\Ctr>X&fti&ffiW&tJlk«£mt-t%C 

TttWttCPttFtea*. ftoTDRAMttfcfSbfcfct 
©JSg'JflJBRtf'J"* <SoTL$5i:^3 HB£tffe 
S. 

[0 0 2 8] ±8EB3HjSIC«*, *5ffltt, ^WlcU 
71/7 '>ii&ff *^(g^47'U- KSfitH^S F R AM 

[0 0 2 9] *RW©ffi©B«tt,-D-RA-MM©*a»- •' 
ft#Rjffi&7>- h®&@!t3J F R A M£« {frt -5 C i: 
"?$>3„ 50 



$fB9¥ 1 1 -2 7 4 4 2 9 

[0030] *^©^e>»c{fi©@w(i, rmmtitf'p 

[003 1] 

(c*^co^ i ©i*«tt,- Kasy- hm h v yyx* 

c©iEiMy-hfBhvy> 7 x*©— i5o±n.wm 
tw^htc.m\<ommt. -£©mffi©7v- h*stc 

J8«LfcSl2©««Bi:, 3SH3J:tf82©*ffiH»c» 
StU B»«E©^fflfc*tt*y-2«ffi«eaK><l 0 
■ ( A/cm ! ttJL 1 A/cm J WTT*feS^m(*5S 

ttts^mm&w&m-e&z ccr% o 
5>^x*©±®ffi®iaLi fctt, S5y~7x£©y-x 
®«t L < It F U-f y^©-73©jSET*fe5o j§*r F 7 

>^x^©y-x^fe«fctf h'^ysisu, nmcm 
i&2tix^%<ox\ ^-fti*F^y-7x^(oy-xsiig; 

h^yi/x^©FU-f'y®igEt^AH±. m 
4 ^i¥D*7?©FcgjS{c-r r*v\, *^W©>< * U -fe/I/'tt, 
X- Y? h 'J *X«teEH4ft* C L^Ctlt 
to®T°ibZo * LTs *!§W©*Sli*:iB1«^Bfc*iV>T 

ass^tt, ^m^-v/v^^wmissts© 1 ;-^^ 
y#t*y7,*\ h7yi/z$<D-j3<D£n®ffi®tg 
«©P^©g^: 'J - * n * >x J: »> * t < K£S ti 

[0 0 3 2] ^^/^^^©iJ-^ny^^yx^Tvf 

©«SBIfflfc:init>*«flE*»ffi«SI««SSfclH*T** 

[0 0 3 3] U-*3yjf^?^4*S <-T«fc«)fC 

m&mmfrt>%9, 'mayi^tLx, %±m?c%i3£xf 

/W-'JWl* (V) , -Heir (Nb) , (C 
r) , *iJ7f> (Mo) , fy^fy (W) ©**> 

£jg«?wc>£< i aatt±©7£«*, o. o i % 

[0 0 3 4] ^ifM^f^li/WnyS 

»*±is»fraaa8Sfl:aw8*«u^iifxvx (b 

i) ?:±fig^i:-r5S r B i 2 Ta2 0»^, B I a T 
13 0u4if©gBBI«t|EjW«fcU »7t^i:LT^ 
(Fe) , vy**y (Mn) , -f'jS/*7A (I r) ^i: 

©a &&«©*fre>3i#?L *y>&< tt i aaw±©7£ 

o. oi%«±> 5 %WT-&tf J; 3 t-r^c 

[0 0 3 5] *f8W©^ 1 ©«p«tt, -V/^S/ 

*©u-*»tt*«awteit*s«fct©T*aAV c ' 

©<fc 5 tc 'J -^^tt^«0Wlctg*^-a-5 tlci^t, 
'J7b7->a Bf^iPpg* 7 U- F mfiMS! F R A M 
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fetZCtlC&K), *i'/V>#01«IJf £M0 S F E 
/ 2 V c c icU-OtcOXD U 7 U -y a if li^g i: & 

So 

[0 0 3 6] 3S^m+ + ^->^©'J-^«^ 

ic&ffltZC tft%z.lb*lZ>„ FRAMOl tf'y hOS! 

*tBb/«t^^%g^:3 oons, &mmfo** 
>^^(r>mm9Mm^m'h\ q (ic/ cm 1 tt% 

-tic&r>TWLm,irz>v—!7mffi.mmt. m^r-i a/ 
cm j left*, sfoT, mrfm&zmnLrztzic i a 

Lfr L&tfC,, PF^WT'Sn^m^*tC A / c m 

2 ?-<D*nmmnzct\c£9mmwt?z 20 
0- 2 a/ cm 2 ^iSJMTfc-rsct^atL • 

</■». 

[0 0 3 7] &3o, &^mtt**^S/*0'j-?«?itO 

<, wstto&^&T-tfs&gtf&So $fc s atifc 

[0 0 3 8] co«k3*^m;:#{cffinfcTOSfe.U?---^ J 

A^.A^O^lIttiiii^-XKU ^ADTC^fL -- 
T7^> (La) ^^-7* (Nb) &if£0. l%fr 

[0 0 3 9] *ftW<DW, 1 O^JCfctUf, yu-hw. 
F R A MtCtf^O, f#tSB#(C >J 7U7 i/alM* 

' *^sm^5fc^dp D ^^j?:flBT'f com*, m - 

[0 0 4 0] *%m<Dm 2 O^gto, SSiM-ir- hffl 1^ 

1 (Olii, -5£€{u07b- h 
*S*f;:&8SLfc|g2oafflf $iMS2(OiiIf| 
fc$$ftfc&KStt»lifr£&S*+^>£i:. SIR 

era 2 vmmmmtc&mz ntcmmmK t tt'pis. < t & • 

S * t 'J -b;l/«rdtr BtSSe T?& S c fc T?fc 

So cowaiatttt, *sw**v^L»ti|iftar^6*4W 

tm®t>\ 10' QJ-X±1 0 1s QJ-XTfcii^ci:^&f$ 



0* + /^>*OlW&^ftSl)-*«ft£ffl^fcfcOT' 
&SA\ *«WOS2 0Wafc*VTtt. 

o*M*»to u -tmtat LTm®mmmm*m}rc 
[004 1] *fgwo^ 2 owaicinif , *-w<->* 

0««Bf£:WIBaSi«:*5iJfc:S^-r*c fcKJ: t), 'J 7 
U>y ^aStfWFgfcTV- httffiH^SlslSS^^-rS 
FRAM*fM**Cfc*«1irfiteft5 0 4>*-i-)VS 
- Ffcgffi tc<fc D SgniitySSS*, iSMfift^il 

[0 0 4 2] SWBfi*t©TKei: L-Tti. ^gttKlftS 

&im-g%^ffi&±V2btUf&<,\ F R A MO 1 tT -y h 
OSt*aiL/»tii*^pH%«^3 0 0 n s, * + /^> 

*o*«mffi*»/M o f cttzt, mfr&h/wz 
ih^nm n t s«m^«o 3 % «« u - * t * o t isa-r-. 

ieiiS@o®jffBjE* lvkutstio' o«±o 

$fc, »HffifitOSmo±®ffli:L 

m 1 o- ,( Atu »a««WE**/ho. lyt-r 

[0 0 4 3] *!8P30$2OttttfcKFa%&£iffi£H£ 
T*$S„ 

[0 0 4 4] *8>Ha£30ttfttt, g^y- hffl 

•ffiSWEfcSttUfe* 1 0«@S, -Sm&OTV- h 
^{cS^Lfcm20«@ili:, SlfcJ:0 : S2O«^ 

1 0"»A 0|BfflF«9{c^ffll5nT^S^«(*IE«SST* 
feSCtT'$.S. 

[0 0 4 5] ±EO*»W<0»lRt;S2Oi$«fi, & 
*-V/^>^OrtgP«tXS'J-7^ *J«tt/^*Y^ 
->^on#itOWMS^ffitlS»J-^mSt^, ^tX^F 
nm^tct><DT'&Zi)K *%WO^3Oltm«c*50>T 

•J-^mSit«:ffl(/' , 7 v £:feOT-*5o 

[0 0 4 6] *«flW>S3 0»«ICj:ntf, h7»'X 
^O'J-^SgS^Jffl-rsctlCcfcD, U7b-y->aid 
-fWFfifc 7" Ix- h IffiS^S F R A M ^t^fiSfr S C i: 
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[0 0 4 7] y-?ttffi<D±P8<B£bTte. ¥SMttB« 

RAMOl^b £>^ffi b/« * &#I$H* jl* 3 0 
0 ns, * + /^>*©S««»*:8'M 0 f C fc-fS 
fc, H*ttlL/»sa*l«Hlrtfc:*a[««f«0 3%6<i[ 

^y^x^ou-^i^i 0" 9 AJKT*crntf. b# 

Tffi^bTte. S«U-^fcd:98iinatr«a[*, # 
^fl»*l 0" 16 A£U #B«ft«fiE*«/hO. IV 

b#vHiBE*Sfi»^fttf<k^o mos^v^x 

OmV±tfSi&BA^o-ccT**>«ffii:ttl /iA« 

±Ku^v«aE*%tis«iBT**o fct, mart 

tuMB«E*7 OOmVJcR^tUf, y-h«E0V 
fiA<feO 1 Otfifil/M 0" 16 ACDU- 

E*2 10mV*66 3 0 m VgjSOfKclS^f tttf & 

[0 0 4 9] *^(D^3©#^C»S*h^V^X^ 

h1BEfc«i$**Uf <fcv\, ±»bfc0ytett*tf, 
btVMBSEfcSOOmVlcffitU X*>/WSffc:fe 
2 8 0mVfr57 3 0 m VO^- hfllftP'TSC fcT*. h 

^y^x*oy-^®ffi£i o- 15 Afr£ io-'ao 

[0 0 50] 



(7) ftBfW 1 1-2 7 4 4 2 9 

72 

So 

[0051] (si (omm<D&M) m 1 at; h 2 

WfSo HI (a) fcBl (b) fcttS^fciKrr*HI 

1 (a) ©A-A#lftfr6JifcI0rffiB#Bl (b) T*& 

0, Hi (b) tDB-B^riftA^MftlKffiB^Bl 
(a) TfeSo Sfe, B2£01 (D**y-tr;t/S:vhy 

[0052] s-r, B2*ffli^T*fMBia*«iwr*. 

2 fciSf ± 5 te»RBtt«ftt€:ffiffl bfcfflM**'**'* 

5 0 1, 5 0 2, 5 0 3, 5 0 6, COiiit 
*t^>#5 0 1, 5 0 2, 5 0 3, 5 0 6, -JC 
BKLTR**6tifclBa8y-hfflh5>^X* (MOS 

FET) 6 0 1, 6 0 2, 6 0 6, -«:Wibfc* 

20 fct^T. 1 -0<D**'*i/& 5 0 1 , ~5 0 2, 5 0 3, 

5 0 6, -5 5 1 (D-ftcom&mi*, ¥#{£S&rt 

fcifiOiiStl'fcMO S F E T 6 0 1 , 6 0 2, 6 0 
6, "'6 5 10V-X, KU-f>HW«r^LTlfy H« 
BLj , B L j + i , fcttRStu fed 
-SOSffi 1 / 2 Vcc Kfitfcftfe:/b- hiPL fc: 

OSFET601, 602, 6 0 6, h 
tt, 7-KSWLi-i , Wi , Wm , -icg^n 
^•*Sr* bT, -If-y MRBlillB'7 0 1 fc£D, tf y HR 
, B Lj + i , £»U 7-H«B»|@tt7 
-0-2tcJ:0. 7-F«WLi-i , Wi , Wm , -«B 
ifibT. MOS FET 6 0 1, 6 0 2, 6 0 6, - 

6 5 1 0»ii«B*fSiJliibTBtii*/pftfiab3&ft5 
BBttA?$«. ^bT, 1 OUSfiOJBBfC 

'. fl«3M*flfittttB£«t^TU:* *il*^»5 0 

r. 502, -o^n^no+^/^i/^BffiBHoy- 

^y^^>X3 0 1, 3 0 2, -*h7>^X*6 . 

01, 6 0 2. W>^-t;W 

— K) N6oi , N602 , -fc»R|fflOy-*3Vir^# 
¥0 VX4 0 1, 4 0 2, •••ck0**<»£*nT^* o 

[0053] BncMo^ty-feyi/oflKtSrUiwrs. 

*«^o«iojS*<D»!Bfc:ff«*i»f*E««fio><t . 
y-fe;!/ (FRAM^t'J-b/I/) tt, BaOW»*8 0 
%<DB STOICL a^O. 5%.K-fcr>^bfeafflt«# 

: COFRAM^^y-b;W±. Bnc^-Tid^miWS 
B (pffl) OWfii±JcB2*BBaS^«»ffifiO»R 

jSbTO^So -^bTCOSSyb-h 1 9<D±fCT6P/^ 
50 y7*BB2> £2<DB£B (T^Mmm) 3. ttRB 
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T^5, TS'<U7&»B2ttJKJPl Onm(0 (Ti, 
A 1 ) N, TflHHH!3ttfKJP2 0 ninOS r R u 
Ob . 9MK«ffliMt 4 tt, flIS 2 5 n in® B S T 0 : L 
a mm. ±«fMBBfiff* 2 0 n m<D S r R u 0s §t 
2*>lc±»'V)7&mm6tL'Zmm \ 0 nmO (T 
i , A 1) Nt$«, 

[0 0 5 4] ^LT, Ctoe^+^tWt/^^^IC 
»«LT^l(D±11ffi«« (n* V-*fKW 5 2*5 J: 10 

x$%2<D^mwm. (n + ku^>««) 5 1 t%^r 

j££ftT^& 0 n MO S F E Tttftjmff 

£LT> pffiS/Un^JBl 2<D£ffl<D<5r-hBftJK3 0 
<0±*cy-haffi3 1 a, 3 1 b^flTMo 
L?^hii3 1a f 3 1 *U S i y-hJ!3 
1 ai:Wy-M3 1 b^^e»^2!MTfe§o W 
y-hJf©flfi(CT i , Mo. Co^SH^JB, &3 
WiWS i2, TiSi2, MoSiz, CoSi2? 

TfflKtgK £<D J f-hWfc3 Itt7-K«3 lO 
-SS*J58TfeOT***o 7- FJ»3 -Hi, B2£5rr«fc 
9*Cjg«£D. 01 (a) 0«ffitcStt^[fij*cJi#S 
tlt^S. *nMOSFETtt*^(i*ft«Bl9teJ:9 

[0055] i/c, nnofNn?(cn + Y\y^ynm 

Fi3 1 ti^t^^tc^^ntl/^o 01 (a) 

ft^ 02eoigK0*c^t"<fc5^a»*Otfyhl»i:aa 
#<D7- K8TX-YV h VtTsZm&LT^ZCtl* 

[0 0 5 6] Ml {C^-Tcfc^tC, n + V-Xffi«5 2iC 

^^h^^M^WntWc 7- K« 3 It If 
yh«3 5fctt»fbH (S i 02 M) . PSGHS. BP 
SC§?, ftfcH (S ia N4®|) *fr5*S»l(0JilH 40 
«t»l3 2. S2OJIH««Bl3 3fc:J:0S^fc:»«S 
ftTO^o S&fcify hS3 5<0±fc:ttK{fc]l (S i 0 
2 M) . PS CM. BPS GBS, gfbi (S i 3 N . 
4; IK). , KJg&£^/^^-5/3 > . 

*3 6«$nn^ 0 

[0 0 5 7] *ftW<D% 1 O^SIcft^ F RAM 
-fe;b(Dxt?£*S'*;l/S RO/B STO : L a/S RO 
^t^^^^ffcXf'J ^^tt^fflJ^Lfti: £ - 

ft G H3fc^?\k5fc:, COxt^^-wl/S RO/B 50 



#BB¥ 1 1 - 2 7 4 4 2 9 

74 

STO: La/SRO*f/^^ ±1. 5VT<Dft 
ftT«H2Pr=4 0/iC/cin 2 ©^tftSItt 

°C, 1 0 0°C, fecktfi 2 0 o C{c*5i^Tij0)i^(ci;D 

5, H5«c*-r±9»«rtaw»6tu ±0. 2vw±± 

1. 5 VfitrtOWEBHWi, 10* 6 A/cm 2 frt> 1 
0- 4 A/cm 2 ^IEfflO££LftU-^tttft#5ft 
ft. 

[0 0 5 8] ±iEOIS(c < fcO^Lft^^U-b;l/*ffi 
ffiU »RtBf**+/^S/*K± 1 . 5 VT-Sti£A,ft 

£-1 VJc«KfLTfig}*«pttSr«|^LftfcC5. 'J7U 
[0 0 5 9]*t, i6Jiiil0»^T«M 

1 o^sso^ffifc^^ f r kM&icommjjmttmw't 

*o - - ... 

[0 0 6 0] (-<) $rH6 (a) fc*-rj:3ic, Si 

mmm c P s) co s i (1 oo) g«i£ffl*ir£o c 

<DpSgffiHD«ffifc:H6 (b) ^-T<J:3^^0. 

1 fimmmcomzmmm (ng) w»2x 1 o is 

c m" 3 - 1 x 1 0 21 c m- 3 ^£<D^$^gfeffiarf £ 
ci:fcJ:DS«:/U-F 1 BttB&tZo 
[0 0 6 1] (a) 06 (c) lC7*?£olcT 

U>V)7&mm2 tLzmmi 0 nm<D (T i , Al) 
*Nr ,c FOTM»B 3 f; bTKJP 2 0 n m<D S r R u O3 , 
ftffiWmmttLTB ao.s S ro.2 T i O3 ICL a 
0 ."5 % F-lf LfcIS 2 5 n mO B S T 0 : L 
a ±^mmm 5 £ LTJS<* 20nmOSrRuO 

3 m, *&ic±&/v)7&mm6 thrmmi 0 nmo 

(Ti; A 1 ) N*\ SfiiaS6 0 0tt*RFS§lHi 
DCX/<y*ffite±0*«(tifc:ffl«-rfc»li.Txtr# 
*5/^;l//SSU *5Jc3H<Dl6jaiBl7%TEOS^fx 

*mn t l ft y 9 c v d a ^ * 5 jg^-r § e 

[0 0 6 2] (/n) (d) (C^-Ti:3tc N 7^ 

hU V^7^-ft»HC<}:?)7^ hUi/Xb2 1 £D/^ 
-VMU C07^hU> ? Xh2 1^X^i:LT 
R I Eft^JCckSx^^V^ciD^l OH»2 2%Jg 
^■T^o ^CCOgl<OTSP2 2 0^gPfc<kt/^l©je 
«WO±*cH7 (e) *cSt<t3fcg2<OlBliH8*3 

[0063] (x) mmi (f) icKtiioic, mz 

* Y\s*J7s V 2 3^X^;^-^Mtl>o l(D7 
*+U^-F2-3*^^4:L-T.-a*ttR I EfOx 
y^>^c*0S2O|ftfflH8*a»!«*cl»i-rs. C 
Oiy^tiO, ^^«!R?n^lKIK»IKO^i£ 
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Stf, Mfi»#©£2©l6ll«8tt«5*5©T, Si 
2 2 <Dfl«(c filg 2 (D&BWi 8 tf-fe;l/7 75l' V 
ic&omtitzckicKZ. £l©E3»2 2 0JBS8WC 
tt. JMSAS IJ**ffl/-Ki:LTS2l9*g! (n 
* S) <0gffi7U-h 1 9tf8fcU-f£„ 
[0 0 6 4] (*) 3WCH7 (g) tew* J: SIC, Hi 
<Q[Hlg|5 2 2 0JSWtBfflLftS i «ffi<D*f!Jf t?^ 
<fc«>, (HF) ilSt*ffifflLfcS[fflxy^ /o 

7? C V D mimm U $ l WttgQiMg A S i Jf 1 2 * 
fcl&tZo C<DWi 1 9«S!<D^tg£ S i JB 1 2 (D&m 
tt, 0. 13PaOE*OSiH4 A"Xi;7^-trW 
ffi1Sli:LTiPifcO. 0 1 PaO^#7> (B2 H6 ) 

**x*®fflbT7 5 o*ct\ s'ioiaW2 2<ojsapom 
en s i figgffl/- K*6Wixfc**5/-wi/j«*rft 

fcfj:l\, C(0S»?xtf^*S/-v;Vfi8S^{c, 0 8 (h) 
K^*J:5teS2©ieilW8*ffcfcJBi:U CMPffi 

[0 0 6 5] ('N) &KH8 (i) (Ck? J: 5 fc, 
US iJf 1 2^7X^tLTR I ES^fCiO^H^ 
£ffi<D$2e>£8§l8. !gl©$&S§§S7. ±gP^U7£ 
JS® 6, fcitf±»WW5*jfflK«K:|SSU S!2<D 

m2<ocagi5 camvftitfift) 2 4^08 (j) tc^-r 
j:d(ca3otuui9«ajbi&<!K *©« % zvmmz 
H9 (k) fc^-r«t3»ccMPjc«to¥a{tu .^?f^ 

[0 0 6 6] (h) &ICB9 (I) fcS^J:dfc. 7* 
h U V^77^-SIIC «t t)7* h b->*X h 2 5<D;<# 

T, R I Effi&H^^Xvx-yf-y^ffli^T, jg#? 
WK*eftS ijf 1 2*Xyf->y|»SU ^3<5DlH|gP 
2 6*J:tfH4 0(affi2 7£Pffln-f 5„ C<£)gl3CQ[H]g|5 

2 6*5«J:tfgl4<OB3gB2 7tt, *^->?3^?hr 

<D^-ftifr%x h y*-t Lrm^TMfcmcz. h-y7 40 

•&it*t&b\ at, ±micmz.ifv> (p) , m.m 

(As). 7>tt> (S b) «<0£2 3ra£! (ni) 
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z&i&TZo wcmi o (p) (c^-r«t-5tcy-h«ffi 
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COa«x-yf>^ ^SJ^T'CVDilC 
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2/3 , Zni/3 Nb2/3 , Zm/3 Taz/3 

V, Nb, Cr, Mo, W(DtfJ^P.)lWbfc / >^< fct 
iaSgW±©7C^%, 0. 0 1 %&L±5%lXT^tsct 



#Hf?¥ 1 1 -2 7 4 4 2 9 

22 

[0 0 9 5] $fc % aStttHtLT, 8M©PZT 
(P bZ ri-x Ti» 03 ) t*X?X (B i) 
CTS r B i 2 T 32 09 VB i 4 T i 3 Ow&ifOttft 

£l±. ®J07tJii£:bTF e. Mn. 1 r&lKDm&ikR 
WfrtbSmUfCptj; < i; t 1 «W±©5tiif£, 0. 

o i %w± 5 %J-XT#tyc ttfMt bv\ 

[0 0 9 6] $7c, **'J-tr/t/£$fi£-f i> F5V->"7.# 
fcLT. S 0 I (S i 1 iconOn Insulat 
o r) «ifi©F ETfcffiflrftttf, »«'J-^«8S*fi 

[0 0 9 7] C©J;dtC. *fgH^{iCCT-«ieicbTI/^ 
[0 09 8] 

7U«y5/a»f^*CpS©7l/-h«ffiH«S!F R AM* 
[0 0 9 9] *5SWfc«fctUf, A]iK4Lff$«tRT 

[OlOOlSfpt, *»WOXIilWfflBffltt*«>T*t 
[0B<DfBm*lftB^] 

[0 1 ] *fg^<r)m l'OjUtttD^tttCffiS F R A My^-t 
[H 2 ] *f§W©^ i <D$m<D&miC&% F R A M©± 

[0 3 ] *5§w©m-"i (ommommic&z fra m©+ 
[04] imrnvm i <Dmm<D&mc&% fram^* 
[0 5] #f§H£<Dgi i (ommvmmtc&z f r am©+ 

[06] *^©H 1 vmi&'D&WUC&tZ FRA M^t 

[0 7 ] *%^©m i <Dmm<oim\c&z> fram^ 

(t©2).. 

[0 8] *fgB^©m i <Dnm<DBmic&z fram^^ 

y •b;U©SjiIg?r^-rs? t c:i6©IgJiS»TS0T'$)-5 

(^e©3) . 

[0 9] *%W©^l©*ffi©}gffi(C^5FRAMp<t 
(^■©4) . 

[010] *%W<Dm 1 ©£tt©$*tcft« FRA Mp< 



-12- 



23 

% (*<0 5) o 

[0 1 1] *«Me0S2OHfiB<0JBflBfc«SFRAM^ 
[ill 2] *^(D|520^fifiO}g^(e^FRAM^ 

« (Wl) o 

[0 13] *56WOS2 0*jSElOJBffi(c^5FRAM^ 
3 (^2) o 

[0 14] *»W0S20*SS©»J*fc«*FRAM* 

[0 1 5] *SSKOffi2<0j|ilSO}BIROa««!l*C«*F 
RAM«'J -tr^BTffiHTa&^o 
[0 16] *»WOS2O^jfiO}gffi<D^^C0|SF 

[0 17] *Smoffi2O|QKoeMloa3B0|lcff6F 

r a m** u -fc;i/©«jsxa*Kwr *fe»oxa«»f 

E0T$>3 (*0 2) o 

[018] *5SBB<0S2OmS<D)gffi<D^Jg«!l*i:«SF 

r AM^*y-b;i/©»jixs«Kwr*fe«>oxe«»f 

ffiHT»* (*©3) o 

[019] K5^^B!Bira!OFRAMOHISH"e* 
[0 2 0] K^^WBBSOFRAMOlM^SBiW-r 

[0 2 1] saso^u-htiH^aoFRAM^^y-b 

;I/0|bIBH?&S. 
[0 2 2] t**O^U-H*H£fflOF RAM^Ut 

1 ffifi 

2 • T«/<'J7£JB« 

3 TgPfi^S 



(13) Wl 1 - 2 7 4 4 2 9 

4 &mmmm 

5 ±»SS/B 

6 ±gB'<'J7&JlJi 

7 s i oie^fM 

8 mz<omm 

9 S3 own (&?rs#8t&in) 
i i mwrnti 

12 *ea^U3>ji 

1 4 sK'JS |jR (* + /V>*=i:/ir*h75iO 
70 1 9 SffiTV-h (^b-htt) 

2 1. 2 3, 2 5, 2 8, 2 9, 3 8 7thb^h 
2 2 !fU<D[H]gtf 

2 4 S2 0C3W 

2 6 3 <DG3ffl5 

2 7 fg4€>[H]gfl 

30 

3 1 7-K« 

3 1a *y S i v-vm 
3 i b wy- hi! 

20 3 2 Sl«l6il 
3 3 %2 0BliBi&S»t 

' 34 Kyhiayjt^h^y 

3 5 \£vhB 
3 6 /^yS/^—>3>« 
5 1 KU-fy«« 
5 2 y-x«K 

3 0 1-3 0 6 ^t/^^'J-^ny^^yx 

4 0 1 -4 0 6 Ifiy-j3>^»X 

5 0 1-5 0 6 +"+y<3^'Sf- > 
30 601-606 -MO S^ET 

701 e?MMUKsB' " 

7 0 2 7- KIMBMlslB ' 

703 ^yxryy 

B Lj , B Lj + i \£y 

WLi-i , WLi , WLm - 7-K« 

PL ^Ix-hld 



[011] 



31a 




35e-x> 

31bwtf-H3 
•31a#jsnr-NB 
30*-Nfiafi 

9ft**Mttni2 

3t3hbs» 
2Te^J7*as 



-13- 





-14- 



(15) 



1#BB¥ 1 1-274429 



[03] 



( 



EPtoSE<V> 



[0 4] 



[02 1] 




Mac 
2 



VssCHifi) 



SE 



40 

til 

20 

10 
0 




Itf 10> 
M*Bfi3tti) 



////////) } 



10* 



10* 



1 5] 




32ftis>l3raiUUS 
31bwy-he 
31a*ys#-4E 

5±graas 

3t6P«W1 



-15- 



(16) 



ftffl¥ 1 1-274429 



[05] 



[06] 



(a) 



V 

I 



(b) 




V 

I 



10"*" 
1<T S 

10" 7 s 

\cr* ■ 



Y 



(a) 



p(ioo) 



-lata 



(b) 



p<100> 




Vss 



1/2 Vcc 



*N2T9/0/7aB» 
223J10E311P 2l7*H/5W 

p(100) 1 




1 9] 



WL 



WL 



WL 



BL 



(DO) 



DL 



55f 



=R 



5 



(BL)' 



— '^65? ~ 1^ 



73- 



BL 



DL 



(BL)* 



7" 



7 



*ACT*l/0 l/0<l/0)* 



I/O 



76 



I/O 



-16- 



(17) 



1$ffl¥ 1 i - 2 7 4 4 2 



[0 7] 



[0 8] 



(e) 




■3TSWffiJ3 
2TS/tU7iRfl 
198fi&0>-h 




•2W/7ABB 



237*hi/5>*h 



(f) 




•2TIWUI 
19s«7V-h 



(i) 




7jri^>«»k 

-3T»*ae 




9»i3oifc»aft 



7«1<D«|B 

3tS«®B 
•2TWMM 
19tt«r?t'-h 




dCIOO) 



-7s8i<oifc»a 
7\^3rsag« 

19Sfi^U-h 



120] 



\/o\ 



(a) 



(i/o)" L 

□I ] 



l/O. 
(I/O)*. 



ftPRE \ 
Rl 



(b) 



A 



(18) 



«FBB¥ 1 1-2 7 4 4 2 9 



CH9] 



[H 1 0] 



12 




.act 

3t«M" 
2T3/?J7£H» 



1«« 



25;?*H^AK 



ZGmnwn 25 



27ffi4(DE3S 




6jtSW7AGUl 

$±&wsm 
■3tsw»b 



1b& 



14«U80I 




2T6rfU7M» 



1 4**;t*>*=]>*f K?7df 




75 Ai 



ists 

75 As 

i j I ,31bl III 
^,31a 1 ^r^ : 31af 




5jh9«M 
4&KEtt»3J 

3Ts«sa» 



31bwy-HQ 
31a#jsiy-+® 
30y-MBMR 

3T3SSB 
2T9/flJ7fcOT 

1 9a«^-h 



^325R10BHIMM 

*31bw*-HB 
f3ta#usiy-Mi 



12 2] 



10"* 
10" 



ftggggggH 
I I 



(A/cm 2 ) lo"" 



ior» 
lo"" 



. 



Y 

• 



■ 1 ' I L_ 



V89 



l/ZVcc 
MBflt 



Vcc 



-18- 



•I 

4 



(19) 



WBHT 1 1-274429 



1 2] 



1 3] 




(d) n&fa&ft 



p(toa) 



1»S 



3T»SftB 




v^2T&/<'J7*flUi 



(e) 




//73Jl0feSS 



0(100) 



-6±S/<U7fcBS 
-2TS/ty7&a* 



(c) / ' 



i^>Si»/<»j7*ai 

MR 





119MS& g 




-11 



pUOO) 



1&S 



/C-6±3/V74(M 



19K«:7V-h 



-19- 



(20) 



#BH¥ 1 1- 2 7 4 4 2 9 



[114] 



1 6] 




■19«C/l/-h 




Taioaaa 
2t3Woib 





p * 


l>»»>»)»»>^ 












( pdoo) ] 



-6jtsrtU7*M 

-5Jt3S93 

-3TS333B 
-2TS/*V7ft»i 




\>3Tasess 















1 n- / 


I pOOO) J 



la&s 



-1 9seru-h 







Ysss,rs/sssssssssssssssssj% 








f P(100) 



-7*1<DJUW 

-3TfiM8ffi» 

-2TS*U7*fllI 

-19s467u-h 



-20- 



(21) 



#P*W 1 1 - 2 7 4 4 2 9 



im \ 7] 



11 8] 



(d) 




3TOTSJ3 




6±S^J7&aSF 




7i*1flDfcBK 

3T8*S» 
27B/W7&RS 



7mi^K»K 

27^0/7488 



1tMS 



IttS 




-7«unm 

3TffiSflU3 
27S*U7MB 
19£®:7V-h 



(i) 




7J8i*>te&& 

6±9^J7*aa 

43SSia*iSB 
3T^«SS 
273/W7$aJI 



l51)lnt.CI.« §K0JIE*f FI 

H 0 1 L 29/792 



-21- 



